Background: Buprenorphine is a partial -opiate agonist and -opiate antagonist with established efficacy in the treatment of opiate dependence. Its efficacy for cocaine dependence is uncertain. This study evaluated buprenorphine for the treatment of concomitant cocaine and opiate dependence. Methods: Two hundred outpatients currently dependent on both cocaine and opiates were randomly assigned to double-blind groups receiving a sublingual solution of buprenorphine (2, 8, or 16 mg daily, or 16 mg on alternate days, or placebo), plus weekly individual drug abuse counseling, for 13 weeks. The chief outcome measures were urine concentrations of opiate and cocaine metabolites (quantitative) and proportion of urine samples positive for opiates or cocaine (qualitative). Group differences were assessed by use of mixed regression modeling. Results: The target dose of buprenorphine was achieved in 179 subjects. Subjects receiving 8 or 16 mg buprenorphine daily showed statistically significant decreases in urine morphine levels (P ‫؍‬ .0135 for 8 mg and P < .001 for 16 mg) or benzoylecgonine concentrations (P ‫؍‬ .0277 for 8 mg and P ‫؍‬ .006 for 16 mg) during the maintenance phase of the study. For the 16-mg group, mean benzoylecgonine concentrations fell from 3715 ng/mL during baseline to 186 ng/mL during the withdrawal phase; mean morphine concentrations fell from 3311 ng/mL during baseline to 263 ng/mL during withdrawal. For the 8-mg group, mean benzoylecgonine concentrations fell from 6761 ng/mL during baseline to 676 ng/mL during withdrawal; mean morphine concentrations fell from 3890 ng/mL during baseline to 661 ng/mL during withdrawal. Qualitative urinalysis showed a similar pattern of results. Subjects receiving the highest dose showed concomitant decreases in both urine morphine and benzoylecgonine concentrations. There were no significant group differences in treatment retention or adverse events. 
Buprenorphine is a partial -opiate agonist and -opiate antagonist marketed in the United States and worldwide as a parenteral or sublingual analgesic 1 and as maintenance treatment for opiate dependence. 2 However, its efficacy for treatment of dually (cocaine and heroin) dependent individuals has not been established.
For the treatment of opiate dependence, sublingual doses of 8 to 16 mg daily of buprenorphine are as effective as 55 to 80 mg of oral methadone in reducing opiate use. 3, 4 There is some evidence that sublingual doses as low as 2 mg daily may reduce opiate use. 5 Because buprenorphine has a relatively long duration of action, every-other-day and 3-times-weekly dosing have also shown efficacy. [6] [7] [8] [9] A large proportion of opiate users use cocaine, even during opiate agonist substitution treatment for opiate dependence. Cocaine use during opiate agonist maintenance treatment is associated with increased opiate use, poorer treatment outcomes, and premature dropout from treatment. 10 Methadone and levomethadyl acetate (INN, levacetylmethadol) do not seem efficacious for the treatment of cocaine dependence in opiatedependent individuals. Thus a medication that effectively reduced both opiate and cocaine use would offer a therapeutic advantage over methadone or levomethadyl acetate alone for the many patients who are using or are dependent on both opiates and cocaine.
Buprenorphine was found to have such potential in preclinical studies. It significantly reduced cocaine selfadministration in monkeys without interfering with appetitive behaviors such as eating. [11] [12] [13] [14] However, attempted replications of these effects in humans have yielded inconsistent results. In some human laboratory studies, buprenorphine treatment reduced self-reported cocaine craving and cocaine self-administration; other studies have failed to replicate those results. [15] [16] [17] [18] Currently, there is no consensus in the literature about the clinical efficacy of buprenorphine for treatment of concurrent cocaine and heroin dependence. In some clinical trials with opiate-dependent subjects, buprenorphine treatment has been associated with reductions in cocaine use, [19] [20] [21] whereas other trials have found no evidence of efficacy. 18, 22 One negative trial used buprenorphine doses of 4 mg and 12 mg/d 22 ; the other used a mean dose of 11.2 mg. 18 The positive studies have used buprenorphine doses up to 16 mg daily, with more reduction of cocaine use at higher doses.
The purpose of this study was to evaluate the efficacy of sublingual buprenorphine maintenance (10 weeks) in reducing cocaine and opiate use in dually (cocaine and opiate) dependent outpatients.
METHODS

Study design
This 4-group, randomized, double-blind study was approved by the Johns Hopkins Bayview Institutional Review Board and conducted in 200 opiate-and cocaine-dependent subjects (Diagnostic and Statistical Manual of Mental Disorders, Third Edition, Revised [DSM-IIIR] criteria) in the outpatient clinic of the National Institute on Drug Abuse Intramural Research Program (NIDA IRP), Baltimore, Md. A sample size of 44 per group was necessary for 80% power to detect a medium effect size (f ϭ 0.25) for a 4-group ANOVA having an ␣ of .05. 23 Fifty subjects were recruited per group to allow for subject dropout. Subjects were randomly assigned to 1 of 4 buprenorphine medication groups (2 mg daily, 8 mg daily, 16 mg daily, or 16 mg/0 mg on alternate days). Prospective stratification by gender and age (21-35 years and 36-50 years) was used because of the suggested influence of these characteristics on response to opiate agonist treatment. [24] [25] [26] Allocation was done by the NIDA IRP pharmacy at the time of subject consent by use of a table of random numbers and masked from all study personnel. The primary outcome measures for the study were opiate and cocaine use determined by urine toxicologic studies and retention time in treatment.
Subjects
Subject inclusion criteria were as follows: age 21 to 50 years, current cocaine and opiate dependence (based on DSM-IIIR criteria), self-reported use of cocaine and opiates within the past 14 days, use of at least $50 of heroin per day and $100 of cocaine per week at some time over the past month, 2 urine samples positive for opiates and for cocaine during the screening process, and not currently in drug abuse treatment elsewhere. Subjects discharged from a methadone maintenance program were eligible only if their dose did not exceed 30 mg/d over the 7-day period before initiation of buprenorphine (to prevent potential buprenorphineinduced withdrawal symptoms). Excluded were individuals unable to understand and fill out questionnaires, those with other current psychoactive substance dependence (except nicotine or caffeine), those with a current psychiatric or unstable medical disorder, and pregnant or nursing women. Human immunodeficiency virus (HIV)-infected individuals with CD4 T-cell count lower than 200/mL were also excluded, because of the [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] risk that their impaired immune status might interfere with study participation.
Procedures
Applicants underwent a thorough medical and psychosocial evaluation in two 4-hour sessions no more than 2 weeks apart. This included a medical history and physical examination, clinical laboratory tests, 12-lead electrocardiogram, tuberculosis skin test (chest radiograph when indicated), urine toxicology, and pregnancy test. HIV antibody testing by enzyme-linked immunosorbent assay (ELISA) (with positive findings confirmed by Western blot) was offered with appropriate pretest and posttest counseling but was not mandatory. CD4 T-cell counts were obtained from subjects who had HIV-positive test results or self-reported as HIV-positive. Psychosocial evaluation included the Addiction Severity Index, 27 Diagnostic Interview Schedule, 28 and Symptom Checklist 90R. 29 After qualification, all subjects signed the consent form approved by the Johns Hopkins Bayview Medical Center Institutional Review Board. Subjects then had their first clinic visit within 1 week.
Subjects participated in a 91-day treatment program that required daily clinic visits. At each visit, they ingested a medication dose under direct observation of nursing staff, had blood pressure and pulse checked, reported any adverse effects, and provided self-report data on outcome measures. At 3 visits each week (usually Monday, Wednesday, and Friday), they provided a urine sample (for drug assay) under staff observation. Subjects were discharged for missing 3 consecutive medication doses or 6 counseling sessions.
Urine samples were stored at Ϫ20°C and later assayed semiquantitatively by use of the Abuscreen OnLine DAT immunoassay (Roche Diagnostics Corporation, Indianapolis, Ind) for morphine and benzoylecgonine, both with a lower limit of quantification of 100 ng/mL. Qualitative urine toxicology results were available to the subjects' counselors, but the treatment program had no systematic contingencies based on these results. Venous blood samples were obtained every 4 weeks to monitor complete blood cell count, electrolytes, and kidney and liver function.
Treatment
Nursing staff administered buprenorphine sublingually as 1 mL of a 40% aqueous ethanol solution according to a 3-phase dosing schedule. All groups started at 2 mg daily. Doses escalated to the targeted dose by day 5 (dose-escalation phase), then remained at the target for 9 weeks 2 days (until day 70) (maintenance phase). During the last 20 days, doses were decreased to 0 mg (withdrawal phase, days 71-91). Matching buprenorphine placebo (40% ethanol) was given on days of 0-mg buprenorphine dosing. Dosage could be halved, or held completely, at the physician's discretion if the subject was unable to tolerate the dose. Subjects who discontinued medication were offered 21-day methadone detoxification plus counseling.
Subjects received weekly individual standardized drug abuse counseling, based on interpersonal psychotherapy, 30 from manual-trained master's level counselors. The therapy had 4 phases, as follows: (1) review of personal history, formulation of problems and goals, and development of a therapeutic alliance; (2) development of strategies to achieve treatment goals and control drug use; (3) strengthening of strategies and skills that prevent drug use, as well as learning to use available support resources; and (4) resolution of separation and termination issues.
Statistical analysis
Baseline characteristics among medication groups (Table I) were compared by chi-square test for categoric variables and ANOVA for continuous variables. Retention in treatment was evaluated via nonparametric survival analysis methods (log-rank and Wilcoxon tests).
Urine drug metabolite data were analyzed by use of repeated-measures linear mixed regression, which uses data from subjects with incomplete follow-up, thus obviating the need to delete subjects with missing observations or impute missing values, either of which can bias results. 31 Although mixed regression models do not eliminate dropout bias, they reduce the bias in comparison with more conventional alternatives. 32 Piecewise linear regression models were fit by use of a linear spline technique so that a separate slope was estimated for each study phase (maintenance and withdrawal) with both lines passing through a common intercept. 33 The dose-induction phase was excluded from regression analyses because it was short (4 days), so that few urine specimens were available per participant. The dependent variable in these regression equations was urine metabolite concentration (benzoylecgonine or morphine); the independent variable was urine specimen collection day. Thus the regression models provided estimates of change in urine metabolite levels per day.
The regression modeling procedure was conducted separately for each treatment group so that changes in urine metabolite levels over time for different treatment groups could be compared. Within-subject correlation was modeled by use of a first-order autoregressive covariance structure. 34 Urine metabolite concentrations were log-transformed before statistical analysis to normalize their right-skewed distributions. To assess the presence of main effects (medication dose and study phase) on log-transformed urine metabolite levels, mixed regression models that consisted of only 2 independent class variables, dose and study phase, were fit.
The primary outcome measure was quantitative urinalysis (drug metabolite concentration) rather than qualitative urinalysis (metabolite present or absent) because drug metabolite levels have been shown to have good discriminative validity, correlating well with selfreported drug use, 35 and to confer additional statistical power for detecting a treatment effect. 36 To determine whether comparable results would be obtained from qualitative urinalysis, untransformed levels of both metabolites were dichotomized as positive or negative for drug by use of a 300-ng/mL cutoff. This is the cutoff required by the US government for workplace urine drug testing and is used by most drug treatment programs. Piecewise logistic regression models were then fit to these data.
The effect of buprenorphine dose on urine metabolite concentrations was evaluated by considering urine benzoylecgonine and morphine both independently and jointly. Urine benzoylecgonine and morphine levels were considered independently: Was buprenorphine dose associated with downward trends over time in either urine benzoylecgonine or morphine levels? Next, we considered changes in urine benzoylecgonine and urine morphine levels jointly: The piecewise regression models of urine benzoylecgonine on time were rerun with concurrent urine morphine concentration added as a time-varying covariate, and the piecewise regression models of morphine on time were rerun with concurrent urine benzoylecgonine concentration added as a timevarying covariate. Finally, a multivariate mixed regression model was fit to determine the effect of time during the maintenance phase on concomitant drug metabolite levels by buprenorphine dose (ie, do both urine benzoylecgonine and urine morphine levels decrease during treatment?). Adverse event data were analyzed by comparing incidence densities of adverse events with use of the normal approximation to the binomial test when the numbers of events and person-weeks of medication exposure were sufficient for the normal approximation to be valid; otherwise, the exact binomial test was used. All statistical analyses used SAS version 8 (SAS Institute, Cary, NC), with a 2-tailed ␣ of .05.
RESULTS
A total of 360 applicants were screened to obtain 200 subjects who met study criteria and signed the consent form. Of these, 179 subjects were included in data analyses (8 did not keep their first clinic appointment and 13 were discharged before their target buprenorphine dose was achieved on day 5). The proportion of evaluable subjects did not differ significantly among treatment groups: 46 of 50 (92%) at 2 mg daily, 44 of 48 (92%) at 8 mg daily, 43 of 50 (86%) at 16 mg every other day, and 46 of 52 (86%) at 16 mg daily ( 2 ϭ 1.28, df ϭ 3, P ϭ .73). Evaluable subjects were significantly older than the nonevaluable subjects (34.0 Ϯ 0.46 years versus 30.2 Ϯ 1.43 years; F ϭ 7.23, df ϭ 1, 198, P ϭ .0078) but otherwise did not differ significantly (all P values Ͼ .05) with regard to any baseline subject characteristics listed in Table I .
Subject characteristics
The sociodemographic and drug use characteristics of all 4 groups were very similar ( Table I) . As expected, the prospective stratification generated equivalent age and gender distributions across the groups. Given the study's exclusion of subjects with current psychiatric disorders, there was a low frequency of lifetime psychiatric comorbidity (DSM-IIIR criteria) with no significant differences across groups (data not shown). The only significant difference in drug-use history was an older age at initiation of opiate use in the group randomized to 16 mg every other day (F ϭ 3.57, df ϭ 3, P ϭ .024) ( Table I) . Because age at initiation of opiate use was not correlated with study outcome measures, it was not included as a covariate in analyses assessing treatment efficacy. Of the 200 subjects offered HIV antibody testing, 44 (22%) declined testing, 144 (72%) had negative test results , and 12 (6%) had positive test results. There was no significant difference among the 4 medication groups in proportion of HIVpositive subjects (F ϭ 3.84, df ϭ 3, P ϭ .28) (Table I) .
Retention and treatment compliance
Of the 179 evaluable subjects, 90 (50%) completed the maintenance phase (70 days) and 45 (25%) com- pleted the withdrawal phase. Treatment retention was not significantly different among medication groups (Fig 1) (log-rank test, P ϭ .91; proportion completing 70 days: 2 ϭ 2.42, df ϭ 3, P ϭ .49). Counseling attendance was similar among groups (F ϭ 0.58, df ϭ 3, P ϭ .63) ( Table I) . Twenty-four subjects entered a 21-day methadone detoxification program during the maintenance phase (at a similar frequency from each treatment group), as follows: 7 from the group receiving 2 mg daily, 6 each from the groups receiving 8 mg daily and 16 mg every other day, and 5 from the group receiving 16 mg daily. Five subjects entered a methadone detoxification program during the withdrawal phase, as follows: 2 from the group receiving 2 mg daily and 1 each from the other 3 medication groups. HIV antibody status was unrelated to number of days in treatment (log-rank test, P ϭ .53) and proportion of counseling visits kept (F ϭ 2.17, df ϭ 2, 174, P ϭ .12).
Urine toxicology results
Opiates. The buprenorphine doses of 8 mg daily and 16 mg daily were associated with statistically significant decreases in urine morphine concentration during the maintenance phase (P ϭ .014 for 8 mg and P Ͻ .001 for 16 mg), with no significant changes in the other 2 groups (P ϭ .43 for both) (Fig 2 and Table II ). All treatment groups except the group receiving 16 mg daily showed increases in urine morphine concentration during the withdrawal phase (P ϭ .013 for 2 mg daily, P ϭ .0028 for 8 mg daily, P ϭ .033 for 16 mg every other day, and P ϭ .15 for 16 mg daily) ( Table II) , suggesting that beneficial effects on opiate use may be lost during buprenorphine withdrawal at doses of less than 16 mg/d. A similar pattern of findings was noted in the qualitative urinalysis results. The doses of 8 mg daily and 16 mg daily were associated with statistically significant decreases in the odds of opiate-positive urine samples during the maintenance phase (P ϭ .0029 for 8 mg and P ϭ .0003 for 16 mg), but only the dose of 8 mg daily was associated with a statistically significant increase in the odds of opiate-positive urine samples during the withdrawal phase (P ϭ .011) (Table  III and Fig 3) . Further regression analysis to assess main effects of medication dose and study phase on quantitative urinalysis (log-transformed urine morphine levels) showed the effect of dose as a trend toward statistical significance (F 3,175 ϭ 2.62, P ϭ .052), whereas the effect of phase was nonsignificant (F 1,89 ϭ 1.17, P ϭ .28).
Opiate use was associated with cocaine use during the study; urine morphine concentrations were more highly correlated with urine benzoylecgonine concentrations at the same visit (t ϭ 23.0, P Ͻ .001) than with those at the previous visit (t ϭ 1.32, P ϭ .19) when both terms were included in a repeated-measures linear regression model. Adding concurrent urine benzoylecgonine concentration as a time-varying covariate to the piecewise linear regressions described earlier yielded similar conclusions regarding the relationship between buprenorphine dose and urine morphine changes over time. After adjustment for urine benzoylecgonine, only the group receiving 16 mg daily showed a significant decline in urine morphine concentration during the maintenance phase (P ϭ .0079). When opiate-positive urine test results were used as the outcome and cocaine-positive urine test results were used as a covariate, both 8 mg daily and 16 mg daily showed statistically significant decreases during the maintenance phase (P ϭ .0031 for 8 mg and P ϭ .0059 for 16 mg), with statistically significant increases during the withdrawal phase (P ϭ .0024 for 8 mg and P ϭ .042 for 16 mg) (Table III) .
Cocaine. The buprenorphine doses of 8 mg daily and 16 mg daily were associated with statistically significant decreases in urine benzoylecgonine concentrations during the maintenance phase (P ϭ .028 for 8 mg and P ϭ .006 for 16 mg), with no significant changes in the other groups (P ϭ .077 for 2 mg daily and P ϭ .37 for 16 mg every other day) (Fig 2, Table II ). Urine benzoylecgonine concentrations did not increase significantly during the withdrawal phase (P ϭ .16 for 2 mg daily, P ϭ .85 for 8 mg daily, P ϭ .48 for 16 mg every other day, and P ϭ .59 for 16 mg daily) ( Table  II) , suggesting that beneficial effects on cocaine use may be maintained during buprenorphine withdrawal. When cocaine-positive urine samples were used as outcome, only 16 mg daily showed significant decreases during the maintenance phase (P Ͻ .001); no significant changes during the withdrawal phase were noted (Fig 3, Table III ). Further regression analysis to 8 assess the main effects of medication dose and study phase on quantitative urinalysis (log-transformed urine benzoylecgonine concentrations) showed statistically significant main effects of both dose (F 3, 175 ϭ 2.91, P ϭ .036) and phase (F 1, 89 ϭ 5.83, P ϭ .018).
As was true for urine morphine concentrations, urine benzoylecgonine concentrations were more highly correlated with urine morphine concentrations at the same visit (t ϭ 22.0, P Ͻ .001) than at the previous visit (t ϭ Ϫ0.06, P ϭ .95) when both were included in the repeated-measures regression model. Adding concurrent urine morphine concentration as a time-varying covariate to the piecewise linear regressions did not change the conclusions, with one exception: The downward trend in urine benzoylecgonine during the maintenance phase for the group receiving 8 mg daily was no longer statistically significant after adjustment for urine morphine (P ϭ .068) (Table II) . Adding opiatepositive urine as a time-varying covariate did not alter the results when qualitative cocaine tests were used as outcome: Only 16 mg daily was associated with significant declines in cocaine-positive urine samples during the maintenance phase (P Ͻ .001), and there were no significant changes in cocaine-positive urine samples during the withdrawal phase (Table III) .
Concomitant opiates and cocaine. There were similar findings when urine benzoylecgonine and morphine levels were examined jointly (multivariate linear mixed regression models). The group receiving 16 mg daily showed a significant decrease over time (slope ϭ Ϫ0.013, SE ϭ 0.0048, P ϭ .0089), whereas the group receiving 8 mg daily showed a trend toward a decrease (slope ϭ Ϫ0.0093, SE ϭ 0.0053, P ϭ .079). The other 2 groups showed no significant decreases in metabolite levels over time (2 mg daily: slope ϭ Ϫ0.0026, SE ϭ 0.0049, P ϭ .59; 16 mg every other day: slope ϭ Ϫ0.0016, SE ϭ 0.0045, P ϭ .72).
Adverse events
In 76 subjects (42.5% of 179) a total of 137 adverse events were reported, as follows: opiate withdrawal (n ϭ 13), constipation (n ϭ 9), gastrointestinal other than constipation (n ϭ 13), genitourinary (n ϭ 5), ear, nose, and throat or respiratory (n ϭ 34), musculoskeletal (n ϭ 22), headache (n ϭ 14), dermal (n ϭ 8), dental (n ϭ 11), and other (n ϭ 8). There were no apparent idio- †Adjusted parameter estimates reflect the change in outcome variable with levels of the adjusting variable held constant. ‡In logistic regression, regression coefficients are log ORs. The ORs in this analysis are odds of drug-positive urine on each study day divided by the odds of drug-positive urine on the previous day. For log OR a minus sign indicates a decrease (decreasing urine-positive results over time); all other values showed an increase (increasing urine-positive results over time).
§Parameter significantly different from 0 (P Ͻ .05).
syncratic or allergic reactions to study medication. No adverse event required breaking the medication blind. The group receiving 16 mg every other day showed a trend toward a higher incidence density of adverse events (47 events in 383 person-weeks ϭ 0.123 events/ person-week) than was seen for the other 3 medication groups (2 mg daily, 0.083 events/person-week; 8 mg daily, 0.081 events/person-week; and 16 mg daily, 0.083 events/person-week) (z ϭ 1.59, P ϭ .055). Much of this difference came from an increased incidence of gastrointestinal events other than constipation (incidence density, 0.0261 versus 0.0028 in the group receiving 2 mg daily [P ϭ .025 by exact binomial test]). There were no other significant medication group differences in incidence of adverse events. There was no significant association between adverse event incidence and subjects' age or HIV serostatus.
It was often not possible to accurately determine whether adverse events were related to study medication. Many manifestations of opiate agonist action (eg, headache, constipation) or opiate withdrawal (eg, diarrhea, rhinorrhea, muscle aches) resemble signs and symptoms associated with common intercurrent illnesses (eg, viral syndromes). Regardless of etiology, most adverse events were of mild severity: 26.3% resulted in no action being taken. Only 2 subjects (both receiving 16 mg daily) had a serious adverse event (resulting in hospitalization). Neither was considered to be study-related.
Six subjects had their medication dose lowered or held because of adverse events. Two subjects had their dose lowered, 1 in the group receiving 8 mg daily (sore throat) and 1 in the group receiving 16 mg daily (wheezing). Four subjects had their dose held for at least 1 day: 1 in the group receiving 2 mg daily (upper respiratory infection) and 3 in the group receiving 16 mg daily (constipation, headache, back and neck pain).
Concomitant benzodiazepine use during buprenorphine treatment has been claimed to be associated with serious adverse events. 37 In this study qualitative urine toxicology assays for benzodiazepines performed on 3-times-weekly urine specimens showed that 39 of 179 study participants (21.8%) had positive test results for benzodiazepines at some point during the 13-week study period. The proportion of participants who used benzodiazepines was comparable for the 4 treatment groups ( 2 ϭ 0.19, df ϭ 3, P ϭ .98).
Laboratory tests
None of the clinical laboratory parameters (complete blood cell count, electrolyte levels, kidney and liver function) showed any consistent or clinically significant pattern of abnormalities that might be associated with the study medication.
Of subjects, 38% (46 of 122 with available transaminase data) had serum transaminase levels (either ALT or AST [or both]) elevated above normal (ALT, Ͼ40 IU/L; AST, Ͼ37 IU/L) during the maintenance phase. Only 10 of these subjects had elevations greater than twice normal. There was no significant difference in frequency of elevated transaminase levels during the maintenance phase among the 4 medication groups (7 in the group receiving 2 mg daily, 17 in the group receiving 8 mg daily, 13 in the group receiving 16 mg every other day, and 9 in the 16 mg daily group; 2 ϭ 7.23, df ϭ 3, P ϭ .065). Three subjects had elevated plasma bilirubin concentrations during the maintenance phase; none of them had accompanying symptoms or elevations in ALT or AST levels. More than half (29/46 [63%]) of subjects having elevated serum transaminase levels during maintenance also had elevated ALT or AST levels at baseline, suggesting that mild transaminase abnormalities preceded buprenorphine exposure in some subjects.
DISCUSSION
This study found sublingual buprenorphine solution, in combination with weekly individual drug abuse counseling, to be effective and well tolerated at higher doses for the maintenance treatment of outpatients with concurrent dependence on opiates and cocaine. Daily doses of 8 and 16 mg showed reductions in opiate and cocaine use individually, and a daily dose of 16 mg showed concomitant reductions in both opiate and cocaine use. This is the first study to demonstrate the efficacy of buprenorphine in reducing cocaine use among opiate-dependent subjects also meeting criteria for cocaine dependence in which a double-blind, controlled clinical trial design and strict eligibility criteria were used. The highest dose tested (16 mg daily) showed significant reductions in cocaine use after adjustment for concurrent opiate use. These reductions were maintained through the withdrawal phase of the study. Our results support the findings of several prior clinical trials suggesting that buprenorphine might be effective in reducing cocaine use among opiatedependent outpatients who used or abused cocaine. 20, 21, 38 Previous studies testing the use of buprenorphine for treatment of cocaine dependence have shown contrasting results. These contrasting results may result from differences in subject characteristics that may affect treatment outcome (eg, differences in cocaine use or in comorbid psychiatric disorders) or differences in study methods. The reported clinical trials that found buprenorphine treatment to be associated with reductions in cocaine use [19] [20] [21] 39 used higher buprenorphine doses (8-12 mg daily) than the trials that found no evidence of efficacy. 18, 22, 40 The apparent persistence of the reduction in cocaine use during the withdrawal phase raises the possibility that high-dose buprenorphine engendered some change relevant to cocaine addiction that may persist even after medication intake is decreased or stopped. However, the relatively small number of urine toxicology tests obtained during the withdrawal phase precludes any strong conclusions regarding the persistent effects of the maintenance dose. Further studies are needed to determine the optimal doses of buprenorphine and schedule of buprenorphine withdrawal, with evaluation of withdrawal periods longer than 3 weeks.
The lowest dose of buprenorphine (2 mg daily) was not associated with reductions in opiate use, which fails to confirm an earlier suggestion that this low dose might be effective for the treatment of opiate dependence. 5 The lack of significant effect from 16 mg every other day is consistent with a recent controlled trial comparing daily (8 mg) versus 3-times-weekly buprenorphine 41 but fails to confirm earlier studies of smaller samples that indicated every-other-day dosing could reduce opiate use. 6, 42 In this study every-otherday dosing was not coupled with reduced clinic attendance requirements, which ensured comparable clinic contact by all groups. Reduced clinic attendance requirements in prior studies could have improved treatment compliance and outcome.
The beneficial effect of 8 mg daily buprenorphine on opiate use observed during maintenance treatment (days 5-70) faded as the buprenorphine dose was reduced (withdrawal phase, days 71-91), although opiate use for the group receiving 16 mg daily and cocaine use for all medication groups (as measured by urine toxicology studies) remained stable during medication withdrawal. These findings indicate that 9 weeks of lower-dose agonist maintenance treatment is not sufficient to substantially alter the course of opiate dependence, a pattern similar to that observed in studies of methadone maintenance treatment. 43 As noted for cocaine use, the small number of urine toxicology tests performed during the withdrawal phase precludes any strong conclusions about the persistent effects of the maintenance dose.
Buprenorphine was well tolerated at all doses. Although almost half (40.2%) of the subjects reported adverse events, only 2 were clinically serious and these were not medication-related. Most adverse events appeared to be related to concurrent illnesses common in this population or to opiate withdrawal or other discomforts related to drug use rather than to direct side effects of the medication.
HIV infection, which is common among injecting drug users, was less common in our population, most likely representing a sampling bias among subjects interested in research participation. HIV infection did not appear to be associated with the occurrence of adverse events. This study did not address the interaction of buprenorphine with HAART (highly active antiretroviral therapy) because, at the time the study was conducted, this therapy was not available. The lack of immunologic or virologic analysis in our study precludes drawing firm conclusions about the effects of buprenorphine treatment on the health of this special population. Nonetheless, these findings are consistent with a previous report from a small study sample. 44 The safety of buprenorphine in this population was confirmed in a recent study that showed no significant influence of buprenorphine maintenance treatment on CD4 counts or HIV viral load in 20 HIV-infected subjects receiving highly active antiretroviral treatment. 45 The buprenorphine in this study, as in almost all previously published US studies, was administered as a sublingual alcoholic solution. The buprenorphine formulations approved by the Food and Drug Administration for opiate dependence treatment are 2-mg and 8-mg tablets to be placed under the tongue for dissolution. They are available as buprenorphine alone and as a combination product with naloxone in a 4:1 ratio to discourage intravenous misuse. The tablet may have up to 50% less bioavailability than the solution, resulting in significantly lower mean and peak plasma buprenorphine concentrations. [46] [47] [48] [49] This raises the possibility that doses of the buprenorphine tablet may have to be higher than the 8 or 16 mg daily of buprenorphine solution used in this study to achieve comparable effects on cocaine use.
One limitation of this study is the high dropout rate, with fewer than half of the subjects remaining by the end of the maintenance phase (week 10) (Fig 1) . Comparably high dropout rates have been reported in other published clinical trials of buprenorphine treatment. 18, 21, 22, [50] [51] [52] Early dropout may have been a consequence of the intensive and lengthy nature of treatment monitoring during this study, which may have discouraged some subjects from remaining in treatment. However, this level of monitoring was necessary to ensure the validity of the study results and to adequately assess subject safety. The similar dropout rates in all 4 medication groups support valid betweengroup comparisons, although the high overall dropout rate may limit the external validity (generalizability) of the findings. Another potential limitation is the use of drug metabolite levels that were not adjusted for urine creatinine concentration; the amount of metabolite in urine depends not only on recent drug intake but also on recent fluid intake. A further limitation of this study is that it was conducted in a treatment research environment that may differ from "real-life" drug abuse treatment settings. 53 However, subjects did not receive any special inducements or compensation for treatment compliance or improvement.
The strengths of this study include its large sample size, the use of prospective stratification by age and gender, and the use of quantitative urine results for cocaine and opiates as outcome measures. In addition, data analytic methods that used all data points from all subjects were used, thus reducing the potential for bias from missing data.
In summary, this study demonstrated for the first time in a well-controlled, prospectively stratified clinical trial that high-dose (16 mg daily sublingually) buprenorphine maintenance treatment is well tolerated and can significantly reduce cocaine use among dually (cocaine and opiate) dependent outpatients, while confirming its previously demonstrated efficacy in reducing opiate use. The good tolerability of buprenorphine, even in HIV-infected subjects, suggests that it would be a very useful therapy with which to address the dual epidemic of cocaine and opiate addiction. The recent approval of buprenorphine in the United States for maintenance treatment of opiate dependence, along with its availability for prescribing by office-based physicians rather than in tightly regulated clinics, offers promise that it will be increasingly available to a large number of patients who could benefit. Further studies are needed to clarify the optimal dose of buprenorphine for treatment of dual dependency, as well as to identify prognostic variables that will allow optimal patienttreatment matching.
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